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(57) Abstract: 

PURPOSE: An optical pickup device for high-density optical recording and playback is 
provided to adopt only a piece of SlL(soTid Immersion Lens) so that a structure is 
simple and compact, and to use the SIL including aspherics so as to reduce a size of 
an optical spot. 

CONSTITUTION: An Optical module (100) generates and emits light, and collects light 
emitted in an optical recording medium(200). An SIL(180) arranged in an optical path 
between the optical module and the optical recording medium, has a first surfaceclSl) 
formed in plane and a second surface(182) formed in aspheric, wherein the first 
surface is toward a plate(201) of the optical recording medium and the second surface 
IS toward the optical module. The SIL collects beam from the optical module without 
an additional objective lens, and images the beam in a signal recording surface(202) 
of the optical recording medium after passing the plate of the optical recording 
medium, if the beam from the optical module is parallel beam and the SIL has a 
refractive index same as the plate of the optical recording medium, the second 
surface of the SIL becomes an elliptical surface. And if the beam from the optical 
module is divergent beam and the SIL has a refractive index same as the plate of the 
optical recording medium, the second surface of the SIL becomes a cartesian oval 
surface. 
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£. I'fr ^ ^"^^ ^1 -SA] ojoll ni-S JL%S. ^7]^ ^ ^>«-8- ^^-a ^^^IS £^ol3L, 

E 6* -e- ^"gsi ^2 -SAi e|ofl 4^ ^7i^ 1? x8>fl-8- ^j^^ jEA]^ sia*! jl. 

S 9a ?! E 9bfe ul^ ^2.^ -a'i«F7l fl« E^olul. 

H life =^^^13.^ 71^^-^lAi 5Jol <QA}tye^ ^BJI 7]^6I| n|.= ^^<^ s.^-]^ Z.^o]^. 

^'fl* -^I^F*^ 71^ ^-a- 4^ safe ji^E %7l^ ?! Xl-fl-g. <a ^oici-. 

#"^«> ^1^. ^.11-^ J^^ofl Hl^«1-al 7l|^'^<H| ^Hl^«|.7l nfl^oj, ^^3^5] 37m #Olfe 'S"^* 3 

?fl 4^* «<»lfe 'S-^^- ^^^^.^S] 7l|^<^# 37ll «1-fe 'g-'Sol <&^^SL ^^■Sr'&^lfe ^S-ia 



^^■a ^J-^^l-=fl-H -^>-§-«}-fe 37)1 «}fe ^1^* ''l^^^ 7fl|5.i25,750Sofl^ ;«0^€ 

aljSIl ^2:(Solid Immersion Lens: SIL)€- '^Vg-sl-c^ ^cl^iasl -5l3:7l^^^ofl ^^^^1 JL^ €2.-& e 

^'^]^ 7fl^^# HTfl Sl-fe ^j-^o] 7ms)<H iSt-e.'f^. J£ 10<fl o]^^ 3Lafl Al-g.^ ^S]7}- £AlJi|c1 

atl-. £ io«ll £Ai« ^^q-a^^lfe ^o]^ tl-oliss. *€(10H-*1 «>9Ja anol^^ilJ**! #e)n||oiE) ?!S:(i2) 
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71^ ^«-«7l(14)^ ■a-'-WTll ^€-«7l(14)^Al St-^VJ^*! €S.€a(22)l- 71^ ^:a#7l(24)S. ^A>;fl4. 
^*7l(24)fe 43t*F<^ «easi -aa^S. Tll^^T^. 



d ~ w/ (NA ♦ n) = w/NA 

^2:5} ^^i-oi4. :^^■^^s. ^^t*! €• ^^(ai* 2 <»i-*)s ^>a«^«s^ ^h-^ ^-f -fj-jL /Dt^ 

jzaiu). ui^ «2:(18)1- ^c)ia(20)sl -3^71^^(19) ^^-H Al-§-«l.c^ 7]^m^ Ajofl 

jisf8 €2:(i8)^ ^t\d^3.m)7} Ais. 'f- 5a<HAj, o}^. "1-2. 5^«^<^ ^cj^^as} 'il3:7l#^£j =ajt 
7> 7i^>a«>l a:a. %7i^ fl«B a:A>«fe ^g-f al^S 7W «^ 1? 

€3^7> -a^a ^ sa«H>H, ^i^^ia^ «^■s• 



7ll^a. ■^7ll3g8-221790<flAi ;^lt>S|Si'^. o]^^ ^^Ife S. Hefl S.a]^<H sl^n^. jiiSlI ^S(18')fe ^ 

=1^13(20)4 'tlS:7l^ia(19)*l «WB1- 7l*(21) ^ ^>l| H ^-8-01 7m(21)^ ^g^-g- tB# 



ziaiq-. 3£. iH S-Ai^ :t^<a ^a-^ii- A>-g-«|^ ^-f^fe JLSfl €12:(1804 7^21 #^1-4 ^«K> 

s^as. 7i:a-s) ^^1-^ 1.5-1.55 ^s-s. :a.*4 ui?^) ^-ffe^-^^^l-'^l 2 

^S.^ A}-§-«|.c^ ^^^3^4 37l« #olui xife 114 a2:(i8 ■ )fe 7lJft4 l.5~l. 

E 10 ?J 3£ IH HA]^ ^aflsi B.^ ^^^o]^ €s(12)# *4*F«^ ^-^^ « 

^1 «S(18. 18 0'fl UAM7171 ^S'm ^^-8- t)l#«s(16)€- ^7>S. AH-«>7l i41^ofl. ^;»14 ^^o] tn^^ 

4fe €-;47> 5asii+. ci^^ol. oisi) ;ffls<4 T^^a 71^4 ^-f Ai-g.^ ^ SAAS-S.. ji^ ^ 

:^ cl^iiS 7l:&4 S^l^o] ^-f Al-g.^ 4^ fflTlvf. 4'S>S. ^*F<^ ^S^*! ^«F4fe «-^7> «^«^7l| 

4el-Al, .g. ^'isl ■^7]'^^ ^#t!- ^iiaV^ 7ll-a€ ^^'^ <si^S.Ai, tfl-i-^ls;^ 

S.^ aLf^ ^:^] ^^^^ ti^^S. T^2:# 7Mfe JL^E 7l^/;^-«§ol 7l^^ 

Al« 'T sa^^Ai. v]=f-^4: Mth«>fe oi^fl^^l ^2:1- AV^sv*^ ^^4fe ^^*4 371-1- -^^ sflui. -8-0^:^ 
^^. AH-« safe n^/TH-S"! 7>^^ ^^1- ^^ti^ ^»14. 
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^ ^^-i: o]^JL -8-7] ^a-t-i- ;<i|2^^ Hl^^-i: ol^fe aii^l 



7l^ "W^ -a5:7l-^«<>fl olnj, ^£^65^ ^c] y§n^c]jL ^X) «a7> ^7]^ iflSfl^) 7]* 

olui ji^ ^^7} ^7)^ T.Bjsi|si 7]3&s\ 7>;^)fe , jl^«0 ^^^1 «a.sl ;^2^-ar ^e)^! 



£4^ a^l^ ^ 5afe^ ^^^^^^ ^ ^^6) sjo];*! c|-6l^=(iio), €S(120). ««-S-7l(140). « 

a(220) « ^^■§■71(240)-^^^ a^aV<^ ^-SdiO^fl-H ^ «2^(i20)«1| Jg«g« €4. *1 

e1« ^al-(100)-g: ^2fl 7l^e1lAi ^gl^-^ ^ ^ :g.3)-ol ^Al^J-tj-. S. lofl EA]^ ^;^<a ^X]^ HH-^S. 

;flS.Al jl^ €2^(180)^* ul^ ^^^1 €2:(180)fe ^S.*(100)3|- ^4^3.(200) ^^S.«fl 

'fl^^ol 5a4. ^^1 «a(180)fe ^4ia (200)^ 71^^(201) ^4^3(200)^ 7l*(201) 

# ^l«(181)-g: Jg^^ ^1^3. ^JE.l-(100)-a: >l|2«(182)^ ^^-g- ol^fS-^ 5a4. 



^S!:^J2.S ul^ ^x^l ias(180)^ ^^^^3. 7]s&^ ^^^^ 4# 7}^^ sa*.!^, 

71^3:3)- 7Hfe Tjias ^-y^ ^ $14. 

■f^ ^^^^1 ;s-?-SA^ uii«il^;*l i^asi ^^*<»l ^qis 7i«-£i #^#3)- 4^ ;g-f'=fl "fl*!-*^ £ 2^ ^3it^<^ ^ 

'St-4. £ 2eI|Ai ^4^-%: z^ol4 ^^3)- ^ x^o]eJ- Ih nfl, ^71^1 nO. 31^ 

^^1 ^a(180)Sl ^^^-i- nl tl, ^4=i^3(200)Sl 7l:a-(201)Sl ^^t-i: n2.^?11-l- 124 JL^ 

4^(180)^ m^asDs. 'u^m^ -gAi-z)-^ e i. ^t\i^3. 7m(2oi)«ii ^'^i-sj^ «aA>2]-.g: 924 

saasl ;^2^(182)<fl •a-'-l-^l-fe <g^^ ^ols. <aA>«l-fe ^S7> SL^ ^ 

"M^^^Tfi <S^M^ ^^o]^^<^ ^'8-€4. ^^1 (z, x)^ 4-§-^ 4^^^ l ^ 

21- ^«^<^<»>. jg«j«)-7ii 'a4«>fe ^-i- ^ ^ofl ^'S-'^i^iTii €4. <^7Hfe s^^^ ^^c^ z^}^^^ s. 

*.4 7l# €-*>^ *>8-4 J^H-g- 7m ;^}4^ * +y2 s. rll;Sl*|-<^ -S-omTfl 3^€^^S ^ 544. 



^^•N 1 




C0S61 COS92 



=nl/l+«2/2 



# 
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e 1. e 2 < 90" 

'^n^ 2 



x=<2tane2+(n -z)tanei 



o]^^ JISJ ^2:^ ;a-f -S-jL7fl^^ NA7> n2 sine 27> ^S.S. n2SJ ^o] ^ ^s.S. ^^^3.^ -^S.^ 
a<H 7l-^/7||-«* § 4^ safe ^^^^ ^ SH^f. 

'8-71 '^'^■il 1 ^ 2<^^ e 2* '87^ ^•'rS. «1-<^ xi tH«il/=1 c^-g-fil 4^^^ 3, 4^1- ^o] zJ^- x 

'^fl^^ 3 



nltin +m2^(1 t;^ 

cos(sm'\nrsine2)) cos^Z 

^ hi 

TlO 



cosCsin'^Cwrj/wei)) 



«^7H nr = n2/iil"g. 



n\t\{ 1 \\-iaa[\ — ^r-l 



nO n 

cos(sm (m«jne2)) 



z}-(e max)# ^ "H. ^'fl A^-^^ n2 Xsin 0 maxS. 5^1^ S^a. A^^, tHt^^'S xmax^ 

1:<H olSlI €2:31 #^l-(nl)oT 1.75, ^^7> 1.2min. ^^1^3 #^#(n2)«^l 1.52. •?-?fl7> 1.2m 

m(CDfi1 )?1 ^-fllfe. '812^^ 'ft^'*! ^ l.SSmm^lui. 7%=^-'^ «^ 1.12 ^5.7> 

7]:?!-^ ^!fl7]- 0.6nimtl ^Z'^ St^^l ^ 1.025mmo1a.. 7l|T^4'fe ^1= 1.3 ^£7> 

^A^^ ^5!|7> 0.3mm?l J9-f ^ ^Z.^ -8-3: St^<»l 0.79inm<»ljl. 7l|^'■^fe Sl= 1.42 

uL^ '^Z.S^ 7>^^ 7fl^fe ^q^a 71:^:^ #^*(n2) StJii^ a)-?!) SIjl, St^-S: 
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^-f °fl $Ji<^^ 650ran ^ DVDSl «11 ^'ti-«1-«. 7]^ -g-^ 7liT^(NA)iil 3.7]^ 

wH^rtfjl « 4^ Sl-^^. 650nm 3^^tfl5? ^o]^ tj-ojiH.!- Al~S-«t-fe ^-^ ^ 20GB ol'^Sl 7]^ 

-8-^ ^-i- ^ Si^. 405mn ^^tfliq ^J^H iflol;*! ti.«»Us.# ^H-f^ ^-f oHfe 50GB ol'S-sl 71^-8-^ ^-i- 

tt^«^. ja.j«ll €2^7> cJiaL 7lJasl §^l-(n2)4 -f-^-S" St-g- 7>;»)fe >llas. ^>«€ ^-f (nl = n2)oll ifl^^ 

JL^ ^^1 5ffl2:(i80)^ ^^«<»1 ?9-clia 7^(201)^1 ^-f . •a^^l-^fe «^ ;fll^(181)3)- ^cliH 

(200)^ ^?fl^«(l>*l 71^ at«-H.S £ 3«fl »>^^■ ^^ol ^^^^i^H^ 'a&7l^ia(202)»J| ^-8^70 €t%. 



«i7l-H a = tl + t2 -g. 

5fe^ E|~g^Sl JL«€ Si<H>H. :31i«a €2^(180)SJ ;4|2^(182)^ ^^^o] S. 4# ^2:■3^ 

-f ^, SL^ ^i^l «2:(180)^ ^S.* ^^-S: ^^Sj HJ"*^ z^.^ ^JL. ^^^l 

ft x^«.S «H. 4^ #^1~S- nO. 4« nl. 4«5i| ^^^1 2^ ^ILtk^ aef «^«. 4 

€ «J-^-i^^ 4*^ ^^<S=1 AS JLAl^i Sa4. -^^^^ ^«1-<=^ 2^1-€-i>l iLS a^l^Si 6.4 ^ 7]'t **>5il 



5 



nOz+nl^ x^+Cz-af-nla 



^«^'^ 6 



nl-t-nO ) 

— :r; tt*— 



( 




a y»l-y»0 
nl-*-r*0 



(R.K.Luneburg, Mathematical Theory of Optics. ppl32-134 %Si) 



7 



1 



44^1, jLs^l ^!2:(180)51 ^2^^ 4-«1^4 ^St^a A4 ^a-'St^ Bfe 4'§-4 ^4. 
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^flj^ 9 



nl+nO 



7} j^oj ^;a#(ni)4 Ef-a^i ^^^(a)^ in-ef oisfl ^a;^! «a(i8o)^ E|-«ia-i- %'>s^ ^ sa^i-. 



t|-8-3F ^la-'Sl *.S-E <^ sat|.. 



^t^m 10 



i+Vi-(ifc+i)cV 



«a(i8o)si j|2«(i82)*i B^««"a«a. lo^q- ^-gr Ml^'«■4^As. s.^]^ ^l^(c)^^a 

M 'S^'CWfe t^g. ^ o.a v+iil;q bIt^^ 7«^(D. E. F... = 0)^ Oo]t\.. 



t^-^^S.. JL^ ?!a(180)s1 ;*lll^(181)sl ^^S.7]3. yit^^. S^(a)# x^°fl JUi"© ^(H 32i 

F)«>1 ^t1:iH(200)-fil ^3:71^^(202)01 ^<H6> (a-t)^-i: ^M-t^ x^«l| ^(S. 45] E)7> jisfl ^ 

€a(180)Sl ^1«(181H 4lJ*l«fl«>>«-th. 

^. ^q^a^ ^^-l- nl. 7]^^ t ^ >^l~8-« ^8*1^ ^-f, :aJ(i ^^^1 ;«02^51 

^7] '^t(^^ 6 afe 4^^-^ 10-11^ ^tfl 3i;<|| saa^^) ^sflfe (a-t)7> ^4. 

Ul-Bl-Al, ^Si\. 7M «S^(180)«11 ^AV« 3:^(a)<fl -a3:7l#^(202) 

o]^^ iffladso)?} 7f:a safe ^tii tHt^^ na i^-8-si| ^©l^t}-. 



4=^4^ 11 



a(«l-/iO) 
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4B?-Al, jlJg| «2:(180)^ -fri NA'S: NA ^ NA i|4 5*1 7>^4, 

i* «<H. nl=1.55. nG= 1.0^ ^-f ^tfl -ff-i 7ll^^ NA .4,4 1.184 ^S^7y S)3l. nl=1.50. nO = l.Ot! ^-^ 
m -fi-i ?||T^NAaifl) 1,118 =8H7> f^Hfl^ v]^ ul7^|?■-^7> ^<H^4. •^'S. ulSll €1^(180)^ ^^1^1 
«)-7l «2 ^l^l^fe 315(11 ;*il2^"?l E}-g^S) ^ 'S-fil ^^oJl-H 7l«(E^)7|-:^l^ 

4S1 9!^ ^^)'=>1 ^ifls. ^ ^ 544. 

650nm)^ ^€.2.S. A>.8-* 18GB uL^S. "fl^m -g-^ 7lJ^/XB^S ^ 5a:a. ^^l^ t|.oliS.( 

sl^ 405iim)# ^« -^l-fr* ^-f 45GB -§■'3^ 7]^/^-^^ 'r 5!l4. 

>fll €^H»B ^^"9 ^^1^1 *^€3lfe ^o]^ t'-IS^ ^€(110)<fl>1 tl-'lS^ # 

^2^(120)-l- ^^•81-^'«=1 U^^7l(140)# -f-^*!-*^ ^'fl «2£.<180)^ ^-^VJ^Jt. tl- 

Al ^t\d:,3.mO)^ 7l«(201)-S- -?Q^7l^^(202)<fl ^-S-^cl-. 

oH, jL^ iffl2.(i80)4 ^qia(200) >^><»lfe >\s\ ^^tt ^^7} ^7] stl-i- Jg4-<^s n ^->1 

1^ ^o}, ^7] Sl^ ^ ^>ol So] ^-S: ^^^35-^ ^-i- 'T- Sl4. 

E 5^ E^1J^I<H SlA^^, H 5^1 z^■z^^ ^-a* -il3:7l4^^(202)<fl ^ii:*^ I3as.4^»14. E^-fl-^l A ^ 

^o] 7fl?-4^ NA7> 1.0 ^ ^4^1 61^^ "il ^=S.3^"a«H, B ^-^-^ -flofl-H ^-^^ tfls. ^tfl -fJ-jL 7l|-f-<4=^ NA ^tt 7} 
1.118^ 1^ jl^fl ^^1 €2^(180)3^ ^4^a(200) '«-><»lsl 7le)7> 1 4^ ^E ^<»1;^ Xl* ^o]^, C^^-& (NA ^ 
t. )7> 1.118^ «fl Jts<ll «a^(180)3F ^4^^3(200) AH7> ^=3.4^* 44'fi4. E^ 

oil SAl^ H>S!}. B^'a3<^ C^-tiol 7]^ 'Q^]^S.S. JLi^ 4)^1 ^4^H7> ^-^^l 4^ ^<H^ ^-f «1| 

o]^*! 7H«1-Die)-i£ :d^tll ^'^>Nl<>11fe "1^1^! ^^4. ^. ^^1 ^2^(180)4 ^^^3. 

(260)«»1 ^^=1^1 ^-f S. :?>-^ol ojlfe °J;mz^- iL4 HTfl ^^V^^fe- :^4-7> «->fl«1-?ll Slfe^. 

a^ os "^l- 7]^^S. ^'S^^uL «]-c|el-s. ^5*>ol7> 8)14. ^^1 -^>*«^fe ^ 

a.3t(near field effect)al-jl *4.(Eugene Hecht. Optics, Addison -Wesley Publishing Company, 
2*. ppl07 -108 ^2: ) 

^r^a -413:71^^(202) 'S-ofl ^ 7l^^.£.S^El :^^Ma>^<H x^X\ «2.(180)# 7]^ 

7l(140)°1| "a^mTll J^jl. ^«-§7l(140)'i«Al ^A>5)o^ ^= 532.(220)1- 71 si ^:a*7](240)a "aA>^4. ^:a#7l 

(240)fe ^-i- €5^^ -as^s ;4i^«4. 



c^g-og H 6-S- ;<82 -^AH^ ^^<^ ;3-Ai7> eai^<h 5a4. ^i ^^1 'Sa^ 5?* 

* :^o]t\. ^2 -SAlo^lsl ^^<a ^JClfe ^E1:(300)S.*^ 3.^^ ^ ^ "fl*!^ 4<»liS.. D 

1-^71 ^H. ^25. ^ ^^^7l# 3Eth*fe ^-S- E 1* m -SAH^flAl ^ig^ ^3!). ■S-AV«fh4. 4^. XI12 -a 

ahWe isi ^^^^]^ 'as(i20)-i- ai-:3i. ^«(iio)"?i sfloi^ 4<='Us.oflAi ^aj-^j.^. ^.g, ^^^7i# 
jf*).*^ zLtfl jiisii iffls(38o)oii 'a>^v^m4. >ii2 ^AHoflAis ^:9-§- tfli-5a2^§ Al~8-*^xl atfe ^-Sr >ii -a^H 



^*H^. *2--&(300)4 ^4:i^3(200) ^S.<^^ ^^1 'a2:(380)'»1 5ll4. oL 

}^ «^1 ^12^(380)^ ^i^riiH(200)£l 7m(201)^^ S-^J^fS.^ ^4^3.(200)^ 7m(201)§ ^*>fe ;^1^(38 

D-S: ^^-i- o]^^ ^S-l-dOO)-!- ^«l-fe ;^2^(382)-a- BR^-i- ^l^^ S14. 
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^ aisfj 5aa(380)e1| i^ol:s) tfoliH. al-^flA] Al-g.*]^ JU:^^ =l ^^7\ 0.25inm 



S. z^olel- si-ji. ^al^ ^ -S-^ 'S-<8=-i- x^°l^^ H,^, no. nl. n2. n3fe zj-zj- ^7l. iS|ol 

til-ol^^ Ji3:^(390). jELifl ^^1 €2:(380). ^tl^ia 7l*(202)^ tOlfe 1L±*3!1-^151 

tl-g- ^^*0. t02fe jl^ ^^Sl 7]i\. t2fe- uL^ ^n. tsfe ^ 

fjol ^3:^(390)4 ^^1 €2^(380), ^cj^Hfil 7l:«-(201)-i- •f-S|-'^ -a3:7l^^(202)<K| Et^^-fe- S.€r 

^ •s-'a^Fcffe- aa. ^Tfl^-^^si tJ-^-v^j-ji^ ^^4451 ^Tflofl s^«^c^ c^g-sj ^q-^i 13 ^ ^^^^ hi- ^-i: 

^i^^, ^asi ;^2^si (z, x)^ i^s] 13 ^ ^n-^ 141- ^*ho1'>>. ^-a-U-i- ^ ^-S-Ai^i 

711 "^71^^^ ^vj^ 4)«}o^ 2?^~S^^ ^ ^6>^ 7}^ x"* 



'i'^*! 13 



*1 =sm-'(-^ sm(*0)),*2=sin-k-^ sm(43): 



•^S^^ 14 

*=(z-/l)tan(^)+rttan(^l)=(/01+/02+n+a-z)taii(f2)+/3taii(^) 



-^•4? 15 

cos^l cos^ cos^2 cosfS 



16 

cosfO cos^l sm^ sii^2 cosfS 



<^^«i-a^ 13. '=^^^ 144 ^^-4^ 15 2Efe '^n^ 16* =«B^«^1a ^4. 
'^n^ 17 

jc=(z-rt)tan(|»0+rttan(sin'\— sin^O)) 
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18 



tl (tan^-tan^l )+f3 tan^>3 +73rtaii^ 
tan^O+tan^ 



«^7H TX = tOl + tl + t02 + t2^ 

19 



^ »1/1 w30 ^ won n2CT 

" cos^l ' cosf3 cos^ " cos^ _ fl(tamO-tan^l)H-Qtan^+33rtan^ 

nO w2 ~ tan^O+tanfZ 
cos^ cos^ 



<^7]->^ CO = nOtOl + nltl + n0t02 + n2t2 + n3t3l3. 

n^-^. 18^ '^n^ 19<^^ zfe p o^fe <P 1 ^ ^'rS SAl^ -t^ ^<HAJ xfe z^sj i^ltt ^ « 

1^<H. nO=1.00. iil=?1.55, n2=1.80. n3=1.52. t013|- 102^ ^-g- 7.0 mm, ^jfl tl=0.25mm# ^3., 

t2=1.5mm, t3=1.2nim^ ^-f 3LS^ -ft-S: ij>:^^ 1.65mm^£«>l3L. ^ifl -frJ: ;^tS' NA am «f 

1.38 ^S-M: 544. 

4* e1|a-M. n0=1.0003, nl=1.55, n2=1.80, n3=1.52. t01+t02=7.0 mm. tl=0.25mm, t2=1.5mm, t3=0.6m 
m^l ^-f <^fe, ^2.^1 ^3: ^Tio] l.igmm^S.'^lul ^ifl -fi-J: 7fl^4^ NA ^.^ «1= 1.36 ^ES- ^-i- 4= 

5tit}.. Dl^ol, q-x.1;^l ■^■atl-jl ^clia 7]J8:^ t3=0.1tl ^-f'=flfe- -B-Jl ^^o] 0.83mm=8Eol^ -ft- 
S: 711^'^ NA^m 5}= 1.34 ^S.m 'T' 514. ^« t3=0.1 <»lul al^ ^^1 ^9|(t2)7}- 1.8mm*l 

^asi .f}-5: S!:^«>1 0,97mm'«Holjl -f|-JL7llT'4^ «f 1.28^S« t«-« SU^- 



^I'S-^fl'^ safe H>4 ^tjiasl 71:^01 tHt^^M- ^-««l-7l s^lj ^3^1 f&2.sH ^ 

S. it^Si\ 3.7)7} ^?.]7i ^t}. 



*lsltt ^^-a ^^1^ ^^-SHlfe sflol^ ^«(110)oll>H zfl^l^'S^l JiL3:^(390)* 

<H ^-a-SV^i £^1S|^ ^-a: ^€-^7l# *^^<^. JL^ ^^1 5ffl2:(180)«l| <a'^>«^«^ ^cliH(200)^ 7l«^( 

20l)-a- -a3:7l^^(202)«K| 'aJ:7l-^«(202) a. 71-^^ ^^a/ijV 

A}i^c] t}x\ jiso «2.(i80)# s-^l^J^ ^^#7ls. -g^^J^fe ^Sr ^1 ^^Hij. .g.<a«F4. 

clJ^-ol. >J2 ^ah^i ^^^^ #2l'fl<»lEl €a« ^l-8--9- Si"*! a>s. 1^ ti^<»li.= 6||A^ ifg. 

«•a•A^8-«^7l n^<i ^^<g :g^^7>ci^*oi^;ati.. 

jLisa ^ciiH7> as^^ ^iiii37> Ai-g. 

*1 ^4*>fe S!l*.s.s. ^^Ht ^-f ^ '>-a7Ws. AH-^ ^ atf. 

^« 8ofl EAl^ §ol, ^JE.l-oJ)A^ ^-ib-Sl-^ ^ol ji^ ^;:^| ^aoj) <aA>«1-7l ig* JB^^o] ( 
tl=0)(.e.:£^^ ^7151 #^^-1-4 ^-gr ;g-f ^ iil=nOo1lE ^e-a-^) 7)^51 ^^l-o] jl^ € 

2^21 5o.^(n2=n3), ;^2^-S--^^^ ^a-f-SAl 7>E);^loi.iig(Cartesianoval)^«'»l « 

(R.K.Luneburg, Mathematical Theory of Optics, ppl29-131 ^3:) 
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■'fl tn«H -^^l-nO?! "g^oDAiiq o1f-^S# r02l-«1-al. ■^^•f- nl <i^<fl^si ©l^^airi ^ 'fl. -S^^H 
<^ 2iq~S-4l JEAi^a Ai+ «;«»>sl 7M x.'ScT^+y'S. tll:*l«H -8-«m7il 3*>€^ 

^«h'^20 ^ 



'^n^ 21 



2:51 t2 = (a-A-t3)7l- €4. S^, <»1 .^oJlA^S. ^j^l ^2:(380)-i- ^^^7\ ^^'^Z. uL^ 

€12^^ >|2^(382)^ 7]3&:^^Si\ ^iS||S^^l«|^ ^(£8^ «^-¥-€r)«>l 

^ ^AH^l ;8-;S:lo}| c^riH^ ^^^7} 1.2inm?l ^<>\ CD)# >^>-§-^i^jL 7\^^^, =g-7\ 

■i- 1.0, 71^(201) S 3.5*11 ^2(180)s| nl-g- LSC^lsl-JlL «>^. Afe 20.5mm, afe- 24mm. ?l-El;^lo> i 

ifl^ ^xfl Bfe 1.513mm 7> :^ul. o] :g-f jL^ €2^1 7fl^^ NA7> 1.047ol H 6-7^1 ^ 

•a^g-^lfil 01^:^61 ^ifl 7flT^'^ 1.0a.tq- tS^tII €4. ^^7> 0.6?1 ^4:iia(<=fll- DVD)# -^H-^^"^ 7> 

^7l -g-^l-t- 1.0, 71^(201) ^ j3.;»Il ^2(180)S1 nl-i- 1.506la1-3l Afe 16.9mm, afe 

18.98mm. y>BlXl«l- i^^(382)Sl ^tfl Bfe 0.902mm 7> ^JL, <>\ ^Z.^ NA7> 

1,018«1 £ 6-7^ *e|| ^"a^^l^l <»1€-^?1 7l^^-^ l.OJa.4 51^1711 €4. 



o]ei^ ^^<a ^^1^ ^-^i^ 4o]iH.s. ^-a* ^€(iio)<fl'«=i at 

^ U*^7l# SL^ €2(180)«fl «A>*^<^ :a^J^<H ^cl^i3(200)ii| 7l«(201)-ir -513:71 

^^(202)^ ^^€4. »H -^1^71^^(202) «■& ^ 7l^^.2.S-?-El S|^A>^dl 4^1 ai^ «;<1 « 

2(i8o)# EAii|;<i ^^%7\s. ^AV€^fe- ^«ii-*i M>«i- *'a«i-4-. 

c^^o], ois]^ ^^■a 'asi- -^V-S-^ 81*1 «>S. ^««1 5*0*1^ 4«>li!.=<fl-H -^M- 

«^7l tflS-'m ^^"9 ^^^i^l iii^, ^%=^7> ci^ -8-'»l«fl^cl-. 

•a €.fi.7> safe ^"^^ St'fl'^lfe 4# ^^o\^ ^^-i- 71-;^=. ■^'S■«^4•. (s. ^I^l^ ^-f ^2.31 

-frJl SV^ r»t -i- 4-S- S!l4. 

22 ... 

, . .1, AM 
'7i«toni(f= r7,«tan[sm (— — )J 
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^s. ii^^<^^ ^^71. 5afe "^i^^^i^ ^314. ^-f^ sa^'H -s-:si^ 

R - V(R'' - r*jt ^ ) ^S'^l-S-J^^ 

^ -fi-§-«l-cf. -^H, £ 9a«11 HAl^ v}sH^ o^^ ^(+) ol7li+. £ 9bo5 £Al^ 8>4 ^ol 

1-<H ^^^^ ^^'='1 lOOOmmom. -ii-JL^:^**! Imm^ ^-f ■frSl'tt^ Ml^^ ^jL^^ ^^^^1 A>7> 0.0005m 

m^lS-S 650nmy ^-f -fl^ -B-ai^l^i^. 

-a^H sa^H-^i, 7>^oi oWoL 5^s^o^ tfl^^a-ibi- ^-f^ ^^sj ^♦g- ^fe ^^i -a-a^fl sa-H-'i^ 

3.7]7} oH. ««f:^JC.3^^<>^| ^fii ^^slfe 'l^fe ^iii^'r bfe 

'^'^•4^ 23 
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afe jLsfl :^i'a(i8i)^ # ^^-^-s- ^-a^ ^-^i^^j. 

si >o^^^ 7>^ ^ 

o]7ys-nm. 

(57) 

;<l|>3«1-fe- ^^1^ Sll«H-H. 
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-8-71 ^Ji!.l■^^ ^71^ bB^^Ij^*!, -8-71 ^7]^ tj1|^^ 7l«^oil e^3^|H-^-S-7l ^7l# "B^^^l 

Ji^-i- ol^ul -*7l ^al^-a- :^2^-g: UlT^^-Sr al^dl «2: 

-8-71 ^jii-^Ai ig^^oi >a-7i <aAm«^ ^^si<h ^7i^n|)sji5i 7l*fi■^s^«^o^ -8-7i ^7]^ 

^=f-^ 2. 

Hlfl(l r^^ +Ij2«2(1 

cos( sm (»rsme2)) cosC 



cos(sm''(/trn>>82)) 



Hlrl/l 4 U«2Gfl ^) 

*— i2tane2+(/l ^ i )taii(sm (mstn^Zy) 

rO ?1 

cos(sin (nrain&iy) 



(<^7H. nOfe "§-7]^ nl^ JL^Sfl ^aa? n2fe ^7]^ nfl^^ 7]3&^ 9 2fe JDl^ 

# ^^l-'s^ 7l3a-oB <aA>^fe <aA>2f, nr^ JlSIl ^^l-«iB 7l*Sl ^^a-i-Sl HK= n2/nl). tl 

■ir «>fe al^2E. 7l^/;«8-Sol 7>^^ 

-8-71 3.^ ^^1 €2:^ -8-71 ^7l^ BflSllal 7]^^ ^^^^ ^4: 7^^ tBS-S '8-71 ^2^^ ^ 



- 13 - 



A = a nl /(nl + nO) 
B = a V((nl-nO)/(nl+nO)) 
e - a nOAnl-fnO) 

(<^7H afe ^^^g-^^H^q =8^^ A>ol^ 7le1«l31. nl* ^71^ 7]^^ n 

^'^^ 5. 

^7]^ nfl^sflsi 7l^s) tehji « nfl. oi^ ^?fl7> (a-t)^ ^-a- 7l^/;4 

>9*]7j-^«^^'a^^i. 

^^^8- 6. 

'8-7) s.^ ^2:51 ;*02^?1 MlT^ia^ -S-^^ ^^oll-^ -^71 aiseo ^is-i. ^xl-¥-l- c| ith 

^T^^ 8. 

-^3:71^^31- 3j<H£ ^^+^'1 71^ :sL«H ^71^ '?13:7l^Taofl 7l^«l-7lx+ 7l^€ ^Ji# 

^^-a ^^1-^ Siol'^, 

-8-71 ^ai-iq- ^7l^ T>W ^^S.'fl Bli^l:^<H. •^7} %7]^ 7]^^<^ ^^^s.^ -8-71 ^7l^ 'D^HIfi^ 

7laa^ Xll^* -^l^^ -*7l ^a-^-S- ;^2^* al^^-g- ^71 ^7l.^ 7\^^ ^ 

7Mfe 

'S-71 ^-ti^'^'i •*7i ^^ofl <a'«.>«i-<^ ^*s]<H ^7i-s.T.iis?|si 7iaa^ •s-^-si-<h -*7i %7i^ 
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-*7l jL^ iffla^ ^2^^ z^om «1-3L, -^3^^ ^ -S-^l x^ole)- « "J. thg-^l 

x=(z-rt)tan^O+fltan(sm'*(-^ sin^O)) 



?l(tan(|iO-tan^l)+Qtan(^+?3rtan(|>2 
tan^+tan^ 



CO "^^^ «3<3 ^ wOfl w22ar 

' cos}l " cos^ cos^ " cos^ _ fl(tantO-tan0)-K3tan43+3artai^2 
wO »2 tan^+tan^ 
cos^ cos^ 



(<^7lAl nO. nl. n2. nSfe *7l, JiSi^S-. ^^1 ^7]^ pfl^ ^^l-^li. tOlfe ^3:* 

7^:^si\ 7la|, tl-S- t02fe :aJ:i9-<»iI'M ^^^1 ^is^^i tIbI. t2fe- uLSfl ^2.^ 

^ ^l^'fl "a-^W. «P afe 'U-^}^ «^ ^-^IzfolaL. TX = tOl + tl + t02 + t2. CO = nO 

tOl + nl tl + nO t02 + n2 t2 + n3 t3^.) 

■s- ^i^^fe- ^-s- 4^ 6^ ji^jE 7]^m^c] 71-^^ ^^<a ^^1. 

sS.t'^ 10. 

-*7l JL^ ^;^] ;«112^^ A7> ^■e<Hl>«i ^^^^l^l tIbI. a7> ^^^f a>c1^ 7le|o1ja., nl^r ^71-^ nfl^ 
nO VCx^ +z2 )+ alVW +(z-a)2 ) = nO A + nl (a-A) 

^^^^ ?>H);^1^ iL^(Cartesian Oval)?l o]^«H^ ^-S- 4^^S. jll^H 7]^M'^o] 7}-^^ 
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-8-71 jDLSffl €M ^'flfe oj^il 7]3&<i\ t^3. § nj, (a-A-t)?l ^-g- 7]^ 

/;fl'««»l7>^«:9-5q'a ^jq. 

^T^^S- 12. 

•^71 JL^ ^2^^ 'S-iq •^71 ^^^^ ^ ^^^^S. 

13. 

-S-71 uij^ ^isi ;^H^-8r t:hg-^.£.s ^<H^1fe- -6-3: r*^ 

, . .1, AM 
'•**"'7i«tani|»-r,,4tan[sin (— — )] 



14. 

R- V(R»-r*t 2) :gAH.3ip8- 

- . .1, JS64 
'7|«taai|»= /^«taa[sm (-j^ — )] 



?i AS uL^£ 7]^m^o] 7>^tt ^^-a 
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